The bacterium Bacillus thuringiensis (Bt) is the active organism in a variety of commercially available products used worldwide as biopesticides. Bt products are applied in large outdoor areas as well as in indoor environments. Even though it has been sold for decades, not much is known about the occupational exposure to Bt. The aim of this study was to obtain knowledge about the exposure to Bt subspecies israelensis (Bti) in a propagation section in a greenhouse, where Bti is applied hourly by a spray boom, and to test a preventive measure to reduce the exposure to airborne Bti. Furthermore, we wanted to study the exposure during work with potted plants treated earlier with Bti. Exposure to aerosols with Bti was measured repeatedly by personal and stationary samplers before and after the intervention. Bti was identified by polymerase chain reaction in air and soil samples. Personal exposure to inhalable Bti in the propagation section was 3 × 10 5 cfu m −3 (median level, n = 22); the personal exposure of people working with plants treated earlier with Bti was 3200 cfu m −3 (median level, n = 17). The highest single measure was found for the person working with the spray boom (7 × 10 5 cfu m −3 ) but airborne Bti was present at all sampling stations in the propagation section. Bti constituted a high share of the airborne cultivable bacteria and a smaller share of the soilborne bacteria in the propagation section. In a human cell assay, spiking an aerosol sample with a product with Bti increased the inflammatory potential of an aerosol sample from the greenhouse significantly. Based on the inflammatory potential and the high personal exposure, a cover around the spray boom was built as an attempt to reduce the daily exposure to Bti. The cover reduced the personal exposure to Bti from 3.0 × 10 5 cfu m −3 to 1.8 × 10 4 cfu m −3 . The exposure was thus reduced by a factor 17, which is a considerable reduction. Bti was present in different particle size fractions with the majority, both before and after the intervention, in the fraction of airborne particles with an aerodynamic diameter between 1.2 and 3.0 µm. The measured occupational exposure to Bti is discussed in relation to risk evaluation.
A bstr Act
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In trod uctIon
The Gram-positive bacterium Bacillus thuringiensis (Berliner 1915) (Bt) is the active organism in different commercially available products used worldwide as biopesticides. Today Bt is the most used microbial insecticide comprising ~90% of the biopesticide market (Sansinenea, 2012) . Farmers started to use Bt in the 1920s (Sansinenea, 2012) ; since 1992, both European and US companies have been producing the Bt subspecies israelensis (Bti) for use against mosquitoes and sciarid larvae. Now seven biopesticides with Bti are on the market (Sansinenea, 2012) . The product Bactimos consists of spores of Bti AM65-52 and crystalline inclusions containing four different insecticidal δ-endotoxins. One of these toxins Cyt1Aa has a general action on plasma membranes and has been shown in a solubilized form to be cytotoxic for mammal cells (Thomas and Ellar, 1983; Manceva et al., 2005) . Few cases of occupational health problems related to Bt have been reported (Madsen, 2011) ; according to a case report, a farmer developed corneal ulcers due to Dipel accidentally coming into contact with his eye (Samples and Buettner, 1983) . Bti has been isolated from faecal samples from greenhouse workers working with Bti-treated plants, but no gastrointestinal symptoms were related to the presence of Bt in the faecal samples ( Jensen et al., 2002b) . Not only workers but also the general public can be exposed to Bt-based products, because they are sprayed by airplane over large areas in some countries. In an area with a population of 120 000, a Btk-based product (trade name Foray 48B) was sprayed by airplane. Btk was subsequently isolated from samples of some patients living in a Btk-treated area, but it could not be determined if Btk was the causative agent of their illness (Green et al., 1990) . In EU reviews, it is concluded that the risk assessment of Btk, Bti, and Bt subspecies aizawai for workers, operators, and bystanders cannot be finalized due to the lack of data on toxin formation after application (European Food Safety Authority, 2012 , 2013a .
There are no accepted occupational exposure limits to Bti or to Btk and not much is known about occupational exposure to Bt from biopesticides. In vegetable production, exposure to Btk (Dipel) has been found in open fields as well as in greenhouses (Hansen et al., 2010) . The highest exposure was found during hand spray application of the bacterium. In potted plant production, Bt-based biopesticides are also used and they are applied in different ways. One of these methods is application by an automatic spray boom. The boom moves over tables with plants or with pots with sphagnum peat and sprays an aqueous suspension of the product. The main advantage with regard to exposure is that the greenhouse workers only handle the product when it is applied to the boom. The aim of this study was to obtain knowledge about the daily exposure to Bti (Bactimos) in a propagation section in a greenhouse, where Bti is applied hourly by a spray boom, and to test a preventive measure to reduce the exposure to Bti. Furthermore, we wanted to study whether the workers were also exposed to Bti during work with plants treated earlier with Bti. Knowledge about exposure level is important in the risk evaluation of the biopesticide.
M Ater I A l s A nd M ethods
The greenhouses and work tasks The exposure study took place in a company employing 200 people. They work with breeding, producing, and packaging potted flowers. Exposure was measured in an 800-m 2 large section (in the following called the propagation hall) where different work tasks were performed aimed at inserting cuttings into sphagnum. At the first work station, a potting machine filled sphagnum peat into pots in trays, the trays were placed on a table, then the table was transported to Spray boom 1 and spray watered and fertilized, then it was transported to Spray boom 2 where the sphagnum peat was sprayed with a aqueous suspension of Bti (Bactimos) for the control of sciarid larvae, then the table rested for a while before being treated with other biopesticides, and then a white plastic tent was raised over the table. Finally, the tent was opened and small cuttings were inserted into the pots and the tent was closed again (Fig. 1) . Typically, two people worked with the potting machine, 8-10 people inserted the cuttings, one person pushed the tables part of the time, and one person worked partly with the spray booms and partly with other tasks in the propagation section. The potted plants were also treated with Bactimos in later growth stages. Exposure was measured during later work processes: packaging of potted plants for sale, watering of potted plants, and discarding of potted plants.
Both genders worked in the propagation hall as well as in the downstream work processes in the greenhouse.
Air samplers
Personal exposure was measured using gesamtstaubprobenahme inhalable samplers (conical inhalable sampler by BGI, Inc., Waltham, MA, USA). The gesamtstaubprobenahme samples inhalable particles (flow 3.5 l min . Personal and stationary air flows were checked every hour. The samplers were mounted with polycarbonate filters (pore size 1 µm, Osmonics Inc., Minnetonka, MN, USA).
A DGI-1570 Gravimetric Impactor (Dekati, Tampere, Finland) was used to sample particles of different sizes (Pennanen et al., 2007; Reiss et al., 2007; Ruusunen et al., 2011) . The sampler classifies particles into four size fractions with lower cut points of aerodynamic diameters (d ae ) of 0.264, 0.608, 1.200, and 2.968 μm when used at a flow rate of 50 l min −1 . In addition, everything <0.264 μm is collected to the backup filter; that filter was not analysed in this study. Airborne particles were sampled on polycarbonate filters (47 mm diameter, pore size 1 µm, Nuclepore, Whatman). The particles in the two smallest size fractions were pooled.
Exposure Personal (n = 5) and stationary sampling (n = 8) was performed in the morning and the afternoon during two working days to obtain knowledge about exposure in different areas in the propagation hall and to see whether exposure increased during a working day. The personal exposure was measured for 47-223 min and the stationary exposure for 111-225 min. Furthermore, exposure was measured at Position 2 ( Fig. 1 ) during four whole working days (7½ h) in 2010-2012.
Personal exposure was also measured for 17 people working with packaging, watering, and discarding of plants treated earlier with Bti. The exposure was measured during three working days in summer, autumn, and winter in 2012 for 4 h and 40 min on average. Stationary reference samples were taken outside the 1 Outline of the propagation hall where stationary and personal measurements have been performed. The numbers are stationary-measured inhalable concentrations of Bacillus thuringiensis israelensis (cfu m −3 air) before and after (in italics) an intervention of Spray boom 2. People worked with the spray booms, the potting machine, and by the tables with mounting tents and with inserting cuttings into the sphagnum peat.
greenhouses during the days the other samples were taken; in total, seven samples were taken. The sampling was on average performed for 4 h.
Intervention to reduce exposure in the propagation hall The spray boom was expected to be the main source of exposure to Bti in the propagation hall. As an attempt to reduce exposure, a cover of stainless steel was built around the boom. Exposure was measured for 12 people on three occasions: 1 month, 5 months, and 1 year before the cover was built, and for 8 people the day after the cover was built (November 2012). In addition, exposure was measured using stationary samplers in eight areas 1 month before and the day after the intervention ( Fig. 1 ). The DGI sampler was used to measure the exposure to Bti in particles of different sizes 1 month before and the day after the intervention
Extraction of bacteria from filters
The day after each sampling, the bacteria collected on polycarbonate filters were extracted by placing filters in 10 ml (personal samples) or in 5 ml (stationary samples) sterile water solution (with 0.05% Tween 80, 0.85% NaCl) followed by orbital shaking for 15 min (500 r.p.m.) at room temperature. Ten-fold dilution series were prepared and 100 μl aliquots were plated on agar plates as described below.
Sphagnum peat samples
Surface samples (three times 2 g) of sphagnum peat were taken in the afternoon from the potting machine (dry sphagnum peat). Furthermore, three times 3 g samples were taken from the top and the bottom of Bti-treated pots (wet sphagnum peat). Bacteria were extracted in 10.0 ml sterile water solution (with 0.05% Tween 80, 0.85% NaCl) and bacteria and Bti were quantified as described below.
Quantification of bacteria
Bacteria were quantified after 3 and 7 days of incubation on 100% Nutrient agar (Oxoid, Basingstoke, UK) with actidione [cycloheximide; 50 mg l −1 (Serva Electrophoresis Gmbh, Heidelberg, Germany)] at 25°C. Bacteria belonging to the Bacillus cereus group were estimated by plate counts on B. cereus agar (BCA, Scharlau 01-262, Barcelona, Spain) prepared in accordance with the manufacturer's guidelines. Plates were incubated for 12-24 h at 30°C. Colonies that morphologically resembled Bacillus sp. on BCA plates were further identified by polymerase chain reaction (PCR). The data are presented as time-weighted average exposures: cfu m −3 air.
Identification of Bti isolates PCR analysis was performed on 56 isolates from the BCA plates to identify how many of them belonged to Bt subspecies israelensis ( Jensen et al., 2002a; Frederiksen et al., 2006) . Bt colonies have a distinctive turquoise to peacock blue colour and they are surrounded by an egg yolk precipitate of the same colour, among these colonies for the analysis were selected randomly. An amount of 34 randomly selected bacterial colonies, collected from five persons in the greenhouse, grown on nutrient agar, were also tested for whether they were Bti. Colonies were suspended in sterile water and heat treated for 10 min at 100°C. Subsequently, the sample was centrifuged for 3 min at 15 000 g and the supernatant was used as DNA template for PCRs. A PCR master mix was prepared for all reactions, containing: 10× R×n Buffer, 50 mM MgCl 2 , 100 mM deoxyATP, deoxyCTP, deoxyGTP, and deoxyTTP, 200 nM forward primer, 200 nM reverse primer, and 0.025 U µl −1 Taq DNA polymerase. The primer set (forward primer: 5′-TTAGAAGATACGCCAGATCAAGC-3′; reverse primer: 5′-CATTTGTACTTGAAGTTGTAAT CCC-3′) is targeting a 300-bp region of the cry11A gene, specifically found in Bti isolates and not any other Bt subspecies. The primers were provided by TAG Copenhagen (Copenhagen, Denmark) and other chemicals from Life Technologies (Naerum, Denmark). The PCR conditions were as follows: initial denaturation:
Step 1: 2 min at 96°C; Step 2: 30 cycles: 1 min, 95°C; 1 min, 52°C; 1 min, 72°C; Step 3: 5 min, 72°C;
Step 4: hold at 4°C. PCRs were performed on a 2720 Thermal Cycler (Applied Biosystems). Template DNA from Bactimos® (Bti strain) and DNA from Dipel® (Btk strain) were used as, respectively, positive and negative controls of the reaction. BlueJuice® Loading Buffer (Thermo Scientific) was added in each tube, and each PCR reaction was run on 2% agarose gels in 1 × Tris-acetate-EDTA Buffer, stained with SYBR Safe® (Life Technologies), for 55 min in a minisub cell system® (Bio-Rad). The 100-bp GeneRuler (Thermo Scientific) was used for sizing of the detected bands. The gels were visualized under trans-ultraviolet (UV) light in a Gel-Doc XR+® system (Bio-Rad).
Measurement of the total inflammatory potential Measurement of total inflammatory potential (TIP) was conducted using an assay with granulocyte-like cells. The assay is based on the differentiated HL-60 cell line (Human Promyelocytic Leukaemia cell line) which, upon exposure to inflammogens, will react by producing reactive oxygen species (ROS), quantifiable by a luminol-dependent chemiluminometric assay (Timm et al., 2006) . Measurement of TIP was conducted as described previously (Timm et al., 2009 ). An aerosol sample from Position 2 (Fig. 1) was diluted 10 times with sterile water, after which it contained 0.9 endotoxin units (EU) ml −1 and 400 cfu Bti ml −1 . Then, the aerosol sample and Hank's Balanced Salt Solution (HBSS) were spiked with Bactimos containing Bti spores and following the samples contained 1 × 10 6 , 2 × 10 6 , 4 × 10 6 , or 8 × 10 6 cfu Bti ml −1 . The study with the four Bti concentrations was repeated three times and each time in duplicate. The inflammatory potential of the samples was measured. The chemiluminesence reaction caused by sample activity was measured by a thermostated (37°C) ORION II Microplate luminometer (Berthold Detection Systems Gmbh, Pforzheim, Germany), which measured relative light units per second (RLU s −1 ) for 1 s every 120 s for 180 min. As the ROS production was still increasing after 180 min, the measurements were continued for another 130 min. For every sample, accumulated RLU s −1 was calculated by summing the RLU s −1 measurements throughout the 180-min period (as 180 min is the standard) and throughout the 310-min period. To account for the reactivity level of the cells, an endotoxin standard curve (0-10 EU ml −1 ) was included, and the accumulated RLU s −1 was normalized to accumulated RLU s −1 from 0.5 EU ml −1 .
Quantification of endotoxin The supernatants from the aerosol sample from Position 2 used for spiking with Bactimos was before spiking analysed (in duplicate) for endotoxin from Gram-negative bacteria using the kinetic Limulus Amoebocyte Lysate test (Kinetic-QCL endotoxin kit, BioWhittaker, Walkersville, MD, USA). A standard curve obtained from an Escherichia coli O55:B5 reference endotoxin was used to determine the concentrations in terms of EU (10.0 EU = 1.0 ng).
Statistical analysis
Exposure data were log-normal transformed and were analysed in SAS 9.2. The exposures in the morning and in the afternoon, as well as the exposure before and after the intervention were compared in a Proc Mixed Model with random effect of individual. The exposures to Bti of the person working with the spray booms and with other work tasks in the propagation hall were compared using Proc general linear model. The concentrations of Bti in sphagnum peat were normal distributed and the confidence limits were calculated.
r e sults
Exposure in the propagation hall Of the bacteria on the B. cereus selective agar medium (BCA) resembling Bacillus sp., 95% were confirmed by PCR to be Bti. Personal exposure to Bti was higher in the afternoon than in the morning (Table 1) ) were found for the person working with the spray booms. However, comparison of the exposure to Bti of the person working with the spray booms with the exposures of people doing other tasks showed no significant difference (P = 0.089).
No difference in exposure between morning and afternoon was seen for Bti and bacteria measured by stationary samplers (Table 1) . Four other stationary samples were taken at Position 2 during four whole working days in 2010-2012 and they revealed exposure to Bti from 1.4 × 10 5 to 3.8 × 10 5 cfu m −3 and to bacteria from 2.2 × 10 5 to 5.7 × 10 5 cfu m −3
. For the personal and stationary measurements, the share of Bti constituted, respectively, 83% ± 9 and 76% ± 8 of the number of bacteria able to grow on nutrient agar.
During seven sampling days, outdoor reference samples were taken. These samples showed an average concentration of 173 cfu bacteria m −3 (median = 185 cfu m −3
) and no Bti.
Exposure from work with plants treated earlier with Bactimos A share of 92 and 72% of the bacteria on, respectively, the BCA and nutrient agar medium were identified by PCR to be Bti (examples are given in Fig. 2 ). All 17 ) to Bacillus thuringiensis israelensis (Bti) and bacteria in the morning and in the afternoon in the propagation hall and during different times of the day in the greenhouse. Samples were taken before covering the spray boom workers working with packaging, watering, or discarding of plants were exposed to Bti. The median personal exposure to Bti was 3200 cfu m −3 (Table 1) . For the personal measurements, the share of Bti constituted 77% ± 7 of the number of bacteria able to grow on nutrient agar.
Total inflammatory potential
Spiking of an aerosol sample from Position 2 (Fig. 1) with the Bactimos product caused an increased inflammatory potential when measured in a granulocyte assay (Fig. 3) . The sample from Position 2 contained, before spiking and after dilution, 0.9 EU ml −1 sample and 400 cfu Bti ml −1 . Compared to endotoxin (0.5 EU ml −1 ), the ROS response (sum of a 180-min period) of the sample with 1 × 10 6 cfu Bti ml −1 HBSS and 1 × 10 6 cfu Bti ml −1 aerosol sample were, respectively, 14.0-and 21.4-fold higher. Higher responses were found for higher amounts of Bactimos. Furthermore, higher TIP was found from Bactimos spiked aerosol samples than from Bactimos in HBSS (Fig. 4) .
Bti in sphagnum peat in the propagation hall Bti was present in the surface layer of the sphagnum peat in the potting machine (3.0 × 10 3 ± 151 cfu g −1 dry sphagnum peat), and after watering and treatment with Bactimos, Bti was present in the surface layer of sphagnum peat in the pots in a concentration of 5.6 × 10 6 ± 2.6 × 10 3 cfu g −1 wet sphagnum peat, and in the bottom layer in a concentration of 1.1 × 10 6 ± 623 cfu g −1 wet sphagnum peat. In the sphagnum peat in the potting machine and in the top and the bottom layer of the Bti-treated sphagnum peat, Bti constituted, respectively, 0.1% ± 0.097, 29% ± 7, and 17% ± 4 of the number of bacteria able to grow on nutrient agar.
Intervention to reduce exposure in the propagation hall A stainless steel chamber was built to cover the spray boom. The chamber created a significant reduction in the personal exposure to Bti and to other bacteria (Table 2 ) and also the area measurements revealed a lower exposure after the intervention (Fig. 1) . Before and after the intervention, the personal exposure to Bti constituted, respectively, 88% ± 8 and 75% ± 8 of the number of bacteria able to grow on nutrient agar.
Bti was present in different particle size fractions but was present in the highest concentration in the fraction of airborne particles with d ae between 1.2 and 3.0 µm (Table 3) . In Position 2, the exposure to Bti within that size fraction was 8.1 × 10 4 cfu Bti m −3 air before the intervention and 1.5 × 10 4 cfu Bti m −3 after the intervention.
dIscuss Ion
The exposure to Bti in the propagation hall in the potted plant greenhouse was 3.2 × 10 5 cfu m −3 air before the intervention and it was slightly higher in the afternoon than in the morning. This exposure was higher than the exposure found during the downstream work tasks with the Bti-treated plants, higher than the exposure of 5.3 × 10 3 cfu Btk m −3 air found when a grower applied the product Dipel with a hand pump, higher than the maximum level of 1.4 × 10 3 cfu m −3
2 Gel electrophoresis of 10 PCR reactions in 2% agarose gel. The 100-bp GeneRuler was used for sizing of the detected bands. Sample 1-10 are bacteria from exposures from work with plants treated earlier with Bactimos. Positive reactions for the identification of the cry11A gene yield a product of 300 bp. Sample 9 gave a negative reaction, whereas the remaining nine gave a positive result.
3 ROS production in the granulocyte assay measured as RLU (accumulated RLU s −1 over the 180-min cell response time or a 310-min response time, normalized to the accumulated RLU s −1 resulting from 0.5 EU ml ) in an aerosol sample (Aero, containing 0.9 EU ml −1 and 400 cfu Bti) or in HBSS.
air found during clearing of old Dipel-treated tomato plants (Hansen et al., 2010) , and higher than the 245 cfu Btk m −3 found indoor 5 h after outdoor application (Teschke et al., 2001) . The intervention showed that the main source of exposure in the propagation hall was the spray boom and not the preceding or succeeding work tasks. This was further supported by the measurements showing that Bti constituted higher shares of the number of bacteria in the air than in the sphagnum peat. If Bti was mainly aerosolized from the sphagnum peat during insertion of cuttings, other bacteria would also have been aerosolized from the sphagnum peat. In spite of the spray boom was the main source, Bti was found at all sampling stations in the propagation hall and was also present even farthest away from the spray boom (Fig. 1) .
The product Bactimos was used in the propagation hall every working day usually sprayed once an hour. Therefore, the workers will unavoidably inhale a large number of these bacteria on a daily basis and a fraction of those would subsequently be ingested. Only few studies have been published concerning health effects of Bti, and in this paper, we also refer to papers about other Bt subspecies used as biopesticides. Two studies have shown that no respiratory symptoms were associated with working in greenhouses with plants treated with Bt; however, regular use of Bti (Bactimos and Vectobac) or Btk may be associated with a risk of specific immunoglobulin E sensitization of workers (Bernstein et al., 1999; Doekes et al., 2004) . A study performed in relation to health effects of residents in Btk (Foray 48B) treated areas showed an increase in complaints of upper airway, gastrointestinal, and neuropsychiatric symptoms (Petrie et al., 2003) . In contrast, another study concluded that there were no significant changes in physical health for residents in a Btk-treated area (Pearce and Chappell, 2002) . In addition to the contradictory results, it is difficult to compare the studies with exposed residents to exposed workers as the exposure periods and levels are expected to be very different. The 4 ROS production profiles in the granulocyte assay as response to stimuli. The granulocyte-like cells were stimulated at time zero with Bactimos (with 1 × 10 6 to 8 × 10 6 cfu Bti ml −1
) in an aerosol sample (Aero, containing 0.9 EU ml −1 and 400 Bti ml European Food Safety Authority has concluded that the risk assessment of pesticides with Bti cannot be finalized due to the lack of data on toxin formation post application (European Food Safety Authority, 2013a) . This is mainly of relevance in relation to exposure to Bti during handling of plants treated earlier with Bti as e.g. packaging of plants-and less in the propagation hall where the main source of exposure to Bti was from the application boom. Bt has also been risk evaluated in relation to development of prostate cancer among farmers, and reported use of Bt biopesticides was not significantly associated to prostate cancer (odds ratios = 1.4) (Band et al., 2011) . Exposure level for the farmers was not measured. The DGI particles were sampled for 14 min at different times of the day using a DGI sampler. Airborne inhalable bacteria were sampled during a whole working day. c Positions 1, 2, and 3 can be seen on Fig. 1 .
If a worker in the propagation hall inhales 1 m 3 air per hour, and inhales 97% of particles smaller than 1.2 µm, 94% of particles between 1.2 and 3.0 µm, and 85% of particles between 3 and 10 µm [values approximated from the model of Hinds (1999) ] and if 10, 75, and 15% of Bti are present in these three size categories (averages from Table 3), he will inhale 2 × 10 6 cfu per work day of 7½ h. In studies with mice, Bt is used in doses of 3.4 × 10 6 cfu per mouse (Vectobac, instillation), 3.5 × 10 5 cfu per mouse (Dipel, instillation) (Barfod et al., 2010) , 3 × 10 8 cfu per mouse (Bti, oral administration) (Mancebo et al., 2011) , and 10 8 spores per mouse (Bt, nasal instillation) (Salamitou et al., 2000) . Per weight of mouse the doses of Bt were high in comparison with the daily doses occurring in the greenhouse, but on the other hand, the mice were only exposed once while the workers are exposed 5 days a week. These animal exposure studies show that Bti and Btk can be recovered in the bronchoalveolar lavage fluid of some exposed mice 70 days post instillation (Barfod et al., 2010) , and in kidneys, liver, and lungs of rats 14 days post oral administration (Mancebo et al., 2011) . Btk has been isolated from blood, urine, gallbladder, skin rash and lesions, sputum, throat, ear, nasal mucosa, and stool samples of patients living in a Btk-treated area (Green et al., 1990 ), but it is not known whether it colonizes these areas and whether it affects the microflora of humans.
Bti comprised surprisingly high share of all the airborne culturable bacteria in the greenhouse. We speculate whether Bti has inhibited the growth of other bacteria. This may be a possibility since in vitro studies show that Bti has a strong antibacterial activity against Gram-negative bacteria (Yudina et al., 2003; Cahan et al., 2008) ; on the other hand, Bti is very sensible to UV light (Myasnik et al., 2001) and may not be able to grow in the phyllosphere. Reduction of exposure to Gram-negative bacteria, may be beneficial as endotoxin from Gram-negative bacteria, is a strong inflammogen (Duquenne et al., 2013) . From our study, we cannot determine whether Bti has inhibited the growth of Gram-negative bacteria. Some bacteria are expected to die on the filter during the sampling; however, bacteria other than Bacillus applied to the environment have in other studies survived sampling on filters using the same equipment and sampling times as in this study (Radon et al., 2002; Madsen, 2006; Spaan et al., 2008) .
As a Gram-positive bacterium, Bti may to some extent be risk evaluated as such, but there are some points that require consideration. The exposure to Bti in the propagation hall and greenhouse is different from bacterial exposures in many other environments where the exposure typically consists of a mixture of different bacterial species. For example, stationary measurements in turkey houses also showed concentrations of bacteria ~10 5 cfu m −3 but the bacteria belonged to many different species and genera (Fallschissel et al., 2010) . In outdoor air in residential areas, the concentration of bacteria is usually <100 cfu m −3 (Frankel et al., 2012) . In Gram-positive bacteria, the cell wall consists of peptidoglycans and lipoteichoic acid, which cause inflammation (Laitinen et al., 2001; Moreillon and Majcherczyk, 2003) , and exposure to non-pathogenic bacteria can cause respiratory symptoms (Rastogi et al., 2001; HaverinenShaughnessy et al., 2007) . In this study, we saw that spiking an aerosol sample from the propagation hall with Bactimos caused an increased inflammatory potential of the aerosol sample. Based on the inflammatory potential of Bactimos, the available literature, and the exposure level measured in the hall, we advised the greenhouse manager to build a cover around the boom as an attempt to reduce the daily exposure. The cover reduced the personal exposure to Bti from 3.0 × 10 5 cfu m −3 to 1.8 × 10 4 cfu m −3
. The exposure is thus reduced by a factor 17, which is a considerable reduction. This reduction may be important since health effects of Bt as studied in mice, rats (Salamitou et al., 2000; Santos et al., 2013) , and human granulocyte-like cells (Fig. 3) are dose dependent.
Even though the exposure to Bti was reduced by a factor 17, the exposure is still high in comparison with other environments where Bt has been used as a biopesticide and in comparison to background exposure to Bt (Madsen and Tendal, 2012) . Bt is a soil borne bacterium, but exposure to airborne Bt, not expected to derive from any biopesticide, seems to be quite common in different environments (reviewed in Madsen, 2011) . Bt has been recovered in grain dust (Swan and Crook, 1998) , a hospital ward (Augustowska and Dutkiewicz, 2006) , a hospital delivery room (Olofsson and Vàsquez, 2013) , a wooden church (Lupan et al., 2014) , and at a waste incinerator (Heo et al., 2010) , and thus greenhouse workers may also be exposed to the bacterium in other environments than the greenhouses-but in lower concentrations, and not to a certain subspecies or isolate of the bacterium.
Bti was mainly found in the particle size fraction of particles with d ae between 1.2 and 3.0 μm (50-89%), while 2.5-17% were found in the fraction of even smaller particles (0.3-1.2 μm) ( Table 3 ). The mean aerodynamic diameter of culturable Bt particles has been measured to have different sizes in different studies, probably depending on factors such as aerosolization methods and the preceding growth conditions (Madsen, 2011) . The count mean aerodynamic particle diameter of aerosolized Bt from the commercial product Foray 48B has been determined to be 4.3-7.3 µm (Teschke et al., 2001) . The particle size affects the ability to stay airborne and hence also the duration of the exposure period. Bti was not only present close to the spray boom where it was applied but also in the areas farthest away from the boom; this is probably possible due to its presence in the fraction with small particles. In an indoor cucumber packaging line, the exposure to bacteria was shown to decrease much more by distance to the source of exposure; thus, the exposure was 100 times smaller 19 m away from the main source of exposure (Madsen et al., 2014) . In outdoor air where Bt is applied by airplane, it can be transported by wind to areas not sprayed with the bacterium and concentrations higher than 1.6 × 10 3 cfu m −3 air have been found in areas 125-1000 m away from a spray zone; furthermore, it is transported to indoor areas (Teschke et al., 2001) . After large outdoor areas were sprayed with a Btk biopesticide (Foray® 48B), nasal swabs from children were positive for Btk in nearby unsprayed areas (Pearce and Chappell, 2002) . In a greenhouse using Dipel with Btk, seven of the eight workers not handling the product were also exposed to Btk (Hansen et al., 2010) . In a strawberry field where Bt had been applied the preceding year, airborne Bt was not found (Tendal and Madsen, 2011) , even though Bt can survive in soil for years (Hendriksen and Carstensen, 2013) . In this study, all 17 workers were exposed to Bti from working with plants treated earlier with Bti.
In conclusion, personal exposure to Bti was high in the propagation hall (median = 3 × 10 5 cfu m −3
) where the bacterium was applied by a spray boom to the sphagnum peat most of the day. Exposure to Bti was also found in the later work tasks in the greenhouse, including where plants were packed for sale-but it was not found in the air outside the greenhouse. Bti was mainly found in the particle size fraction of particles with d ae between 1.2 and 3.0 μm but was also found in the fraction of even smaller particles. Bti has been used as a biopesticide for decades, but based on a literature review, it is not possible to risk evaluate the occupational exposure levels. Spiking of an aerosol sample from the propagation hall with Bactimos caused an increased inflammatory potential of the sample. Bti was present in the air in a high concentration all over the propagation hall. Shielding covering the spray boom reduced the exposure for all workers in the hall considerably (medians were reduced from 3.0 × 10 5 cfu m −3 to 1.8 × 10 4 cfu m −3
) and we suggest shielding around the spray boom.
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